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A Modern Cement Plant. 


By the courtesy of Mr. Henry Pooley, junior, B.Sc., A.M.Inst.C.E., 
A.M.1I.Mech.E., consulting engineer to the company, we are able in this and 
subsequent numbers to publish a very comprehensive and illustrated account of 
the installation of the new cement plant at Hong-Kong of the Green Island 
Cement Co., Ltd. The main contractors were Messrs. Vickers-Armstrong, Ltd., 
and it is noteworthy that the whole of the plant and accessories is of British 
manufacture. The complete plant, which has an annual capacity of 100,000 
tons of ordinary Portland cement and 10,000 to 15,000 tons of rapid-hardening 
Portland cement, was completed within sixteen months from the time the first 
of the foundations was excavated. There are two kilns, operating on the wet 
process. Each kiln is 240 ft. long, or 254 ft. including the recuperator, and com- 
prises an upper portion of about 150 ft. of 7 ft. 9 in. diameter, a decarbonating 
zone II ft. in diameter by about 45 ft. long including the taper portion, and 
firing and cooling zones 9 ft. in diameter for the remainder of its length. The 


crushers for limestone are 30 in. by 18 in. opening, of the swinging jaw type, 


rated to crush 30 tons per hour to 3 in. size. There are three raw mills each 
40 ft. long by 6 ft. 6 in. diameter, of the three-compartment type. Three three- 
compartment compound ball and tube mills are installed for cement grinding. 
each 6 ft. 6 in. in diameter by 36 ft. long. 

In this series of articles Mr. Pooley gives one of the most detailed descrip- 
tions ever published relating to a new cement works; every department and pro- 
cess is described in detail, and complete test results are given. The articles should 
be of the greatest value to cement manufacturers throughout the world. 

( 303 ) 
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GENERAL View OF THE Works OF THE GREEN IsLanp Cement Company, Honc-Konc. To THE LEFT IS 
THE CoaL STORE CONNECTED BY A GANTRY TO THE KILN BUILDING, WHICH IS ALSO CONNECTED BY A GANTRY 
To THE CeMENT MILL House ON THE RIGHT. THE SILOS ARE SEEN BEHIND THE CEMENT Mixt House. Tue 
Raw Mixt Houss ts SEEN BEHIND THE KILN BUILDING. 


The New Works of the Green Island Cement 
Co., Ltd., Hong-Kong.—I. 


By HENRY POOLEY, Junr., B.Sc., Assoc.M.Inst.C.E., A.M.I.Mech.E., 
CoNSULTING ENGINEER FOR THE PLANT. 
MAIN CONTRACTORS : VICKERS-ARMSTRONGS, LTD. 


Introduction. 

THE Green Island Cement Co., Ltd., was founded towards the end of the 
last century and established its first cement making works at Macao, in Portu- 
guese territory, in 1889. In 1899 the Company, which was always British, 
extended its activities to the Crown Colony of Hong-Kong and established it 
that year a battery of Aalborg kilns at Hok Un in Kowloon, on the mainland 
of China situated in British territory. In 1904 and 1905 the Hong-Kong plant 
was remodelled by: the establishment of two early-type rotary kilns, working on 
the dry process, and these were duplicated shortly afterwards. These kilns were 
87 ft. long and the four still produce about 1,000 tons of clinker per week. In 
1923 two of the Aalborg kilns were adapted to the mechanical-grate system, as 
an experiment to find if it was worth while modernising the other Aalborg kilns 
in the same way. Soon after this it was decided to establish an entirely new 
rotary plant, but when all the necessary investigations had been made and the 
preliminary plans prepared, a boycott and strike in Hong-Kong in 1925 prevented 
further immediate work. In 1926 the Aalborg kiln plant was demolished and 
the site prepared for a new rotary plant. 

In 1929 the Company decided to build its new works, and from that time 
the new plant began to take shape. It-was decided to manufacture at least 
100,000 tons of cement per annum with two new kilns and the necessary grind- 
ing, crushing, and mixing machinery. In practice the output is found to exceed 
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the guaranteed figure, and 100,000 tons of ordinary Portland cement can be 
manufactured in addition to 10,000 to 15,000 tons of rapid-hardening cement. The 
new plant was supplied by Messrs. Vickers-Armstrongs, Ltd., and the works were 
completed in October 1931, having taken sixteen months from the time the first 
foundation was put down until cement was produced. In the new works a 
change was made from the dry process to the wet process of manufacture. The 
reasons for this decision were: (1) it was thought a better proportioning of the 
raw materials could be maintained on the wet system, and therefore a better 
quality of clinker should be expected ; (2) the power taken to grind the clinker 
on the wet process is usually somewhat less ; (3) there is no necessity in the wet 
process to use dried clay, which comes from Macao, for the old dry-process 
plant. Wet clay is dug from the sea bottom and transferred to the works in the 
Company’s own lighters. The cost of clay was therefore considerably reduced. 
Finally (4) in the dry process more difficulty is experienced in eliminating dust. 
In this respect the Company had to be exceedingly careful, as the works are 
situated in an area where the generation of dust is banned by the Hong-Kong 
Government ; so much is this the case that at one time the authorities threatened 
to force the Company to move to another locality. 


Since the decisions regarding the details of the works were reached, develop- 
ments in the dry process of manufacture have taken place which somewhat modify 
these arguments, but when the works were being thought out they influenced 
the designer to adopt the wet process. 

The reconstruction of the works was particularly interesting in that it was 
necessary to fit the new plant into the site once occupied by the old Aalborg 
kilns and auxiliary machinery. Furthermore, there had to be no interference 
or interruption in the operation of the existing dry-process plant. These con- 
siderations necessitated the lay-out illustrated (on page 305), which shows the new 
plant and the old dry-process works. During construction the operation of the 
old works was not interfered with in any way. 

The raw materials for the manufacture of cement in Hong-Kong are hard 
limestone and clay. The limestone comes from either the Canton district, 
Haiphong in French Indo-China, or Japan, and as it is imported its cost is com- 
paratively high. A large stock of limestone is always kept at the works, some- 
times amounting to 250,000 tons. Typical analyses of the limestones used are as 
follows: 


Haiphong Canton Japanese 
limestone. limestone. limestone. 
Water and organic matter a ca 0.06 0.17 0.10 
Silica ie ce ee a aA trace 8.24 0.38 
: ; ‘ x f 0.76) 
Alumina and oxide of iron a ia 0.25 \ 0.545 
Carbonate of lime .. bs a - 95.02 87.95 98.74 
Carbonate of magnesia .. te a 4-57 2.27 1.15 
Sulphuric anhydride nil trace nil 


0.48 


Alkalis and loss... F i s 0.30 0.07 0.09 
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There is an abundance of clay in all parts of the Colony and this is reclaimed 
by dredging. A typical analysis of the main source of clay supply is: Loss on 
ignition, 10.55 per cent.; uncorrected silica, 62.18 per cent.; alumina, 14.70 per 
cent.; ferric oxide, 7.45 per cent.; lime, 3.07 per cent.; magnesia, I.12 per cent. 
The clay as loaded to the wash-mills contains about 37 per cent. of water. 

The coal used comes from Japan and Hongay. The Japanese coal is more 
expensive and of a high volatile nature; Hongay coal is of an anthracitic nature 
and is the cheaper. The Hongay coal is mixed with the Japanese coal in the 
proportion of two to one. Average analyses of these coals are as under: 





| Percentage. 

| pete ocegindaeal bases sig pata Baa wee 
Coal. Volatile ha h Fixed Calorilfic 
matter. | Carbon. Valne. 
13,000 


Hongay 81 13,000 


| 
ashaae kegs eae ~-|-- 
| 
I 


Japanese “ Miiki fe oki e- 








The volatile matter in the mixed coal amounts to about 20 per cent. In the 
kilns installed it will be possible still further to dilute the Japanese coal, and a 
proportion of three of Hongay to one of Miiki can readily be burned without 
undue difficulty during lighting up or otherwise. 


Raw Material Handling Section. 


Limestone.—The limestone is delivered either by junk or large steamer; in 
the latter case it is unloaded from the steamer by junks which come alongside the 
pier, buckets from the ropeway being lowered into the hold and filled by hand. 
The limestone arrives in pieces varying from about 2 ft. 6 in. cube down to 6 in. 
cube. The filled bucket is lifted on to the ropeway by crane and tipped from a 
height of about 50 ft. and stored in heaps. To transport the limestone to the 
factory a 1? cub. yd. crane navvy operated by steam and mounted on a caterpillar 
track is used. The stone is loaded into 5-ton capacity side-tipping steel wagons, 
which are then taken to the crusher hoppers by a small steam locomotive. 


Clay.—Clay is dredged a few hundred feet from the works’ wharf, a floating 
crane and grab of about’ 4,000 Ib. wet clay grab capacity being used. This crane 
loads into lighters, each holding approximately 100 tons of wet clay. These, 
when full, are towed to the works and a locomotive grab crane, mounted on an 
under-carriage running on a track up and down the wharf, transfers the clay 
either to the clay storage or direct to the wash-mills. The grab capacity of the 
locomotive crane is about 3,850 Ib. of wet clay when heaped, 2,650 lb. when 
flush, and 1,560 lb. when grabbing from the bottom of the barge. 

Coal.—Coal is delivered in steamers, and is trans-shipped into junks or lighters 
and brought alongside the ropeway where buckets are lowered into the hold. 
The buckets are filled by hand and a crane on the jetty lifts them on to the 
ropeway. The coal is tipped into the end of the coal store, from which point 
it is picked up by a travelling crane which traverses the whole length of the 

c 
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store and is deposited at either end. The grab capacity in this case is 65 cub. ft. 
when flush and 81 cub. ft. when heaped. 

The coal store is divided into two parts by a roadway. The larger area is 
for the storage of Japanese coal which, because of its high volatile nature, can only 
be stored to a depth of about 8 ft. to avoid spontaneous combustion. The other 
portion is used for anthracitic Hongay coal, stored to a depth of 15 ft. 


Each half of the store has a capacity of about 2,000 tons of coal, or approxi- 
mately one complete shipload. In the corner of the coal store at the opposite 
end from the ropeway two hoppers are arranged to receive the coal, one for 
Japanese and the other for Hongay coal. Under each hopper is a feeding device 
and a tipping-type weighing machine. The hopper of this machine is in the 
form of a barrel divided lengthways into four equal quarters and pivoted on the 
axis. The length of the barrel of the machine is 3 ft., while its diameter is 4 ft. 
As each quarter is filled with coal the machine tips and the next quarter comes 


New Works of the Green Island Cement Company, Hong-Kong : 
View from the Sea. 


into position. No-automatic weighing machine can be considered absolutely 
accurate for this purpose or for weighing clinker, for which a similar machine 
has been provided; the machine merely acts as an indicator. The stores are 
trimmed and measured for cubic contents each month to determine the quantity 
of coal used. The weighing machines tip the coal into two reinforced concrete 
bunkers, each having an untrimmed capacity of 20 tons. Under each hopper is 
a 48-in. diameter feed table furnished with a plough which transfers the coal to 
a common belt conveyor. By means of the feed tables the exact proportion of 
one kind of coal to the other can be adjusted and the two coals are fed together 
on to a 20-in. inclined troughed-belt conveyor, 155 ft. long, and similar to that 
provided for crushed limestone described later. The drive is by a 15-B.H.P. 
motor directly through reduction gearing. This conveyor transfers the coal into 
either of two reinforced concrete storage hoppers of 30 tons untrimmed capacity 
each, situated over the coal mills. 
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Sand.—Sand is obtained from many places locally and is brought to the works 
by junk. It is unloaded by coolies, who transfer it in baskets to the sand store. 
It is only required when the clay does not contain sand. Usually the clay 
obtained in front of the works contains a sufficient supply without addition. 

Iron Ore.—A proportion of iron ore, containing about 95 per cent. of ferric 
oxide, is added by the arrangement provided for sand. This is obtained from a 
mine situated in the New Territories and brought to the works by junk in small 
pieces. 

Gypsum.—Gypsum is imported from Algeria or elsewhere and is unloaded, 
as a rule, by the ropeway and stored in a convenient section of ground under- 
neath, whence it is transported by hand trucks to the gypsum store in the 
cement mill. 

Clay Washing Section. 

As mentioned, the clay is transferred by the locomotive crane grab which 
moves along the wharf from either the reserve clay dump to the wash-mills or 
directly from the clay barges to the wash-mills. There are two wash-mills, both 
14 ft. in diameter, each capable of dealing with sufficient clay slurry for two 
kilns on a sixty-hour per week basis. The speed of the wash-mill is 25 R.P.M. 
and the pulley speed 130 R.P.M. The motor driving the mechanical pulley 
through belting is 40 B.H.P. 

The wash-mills are lined with locally quarried granite blocks of specially hard 
stone. Balanced mild-steel gates, sliding vertically in a frame, are provided in 
a suitable position in each wash-mill wall for cleaning-out purposes. The clay 
used is entirely free from flints, but occasionally fairly large pieces of stone need 
to be removed. Also there is a quantity of sand which is cleaned out from time 
to time. This sand caused some trouble when starting up, owing to blockage 
in the return pipe from the bottom of the clay slurry tank to the sump in the 
wash-mill; the trouble was so acute that this system had to be abandoned, as 
will be seen later. The wash-mills discharge into a common outlet, from which 
the pump suction pipe draws the clay slurry. 

In the pump house there are three pumps, interchangeable amongst them- 
selves and with the slurry pumps. These comprise 8} in. diameter by 16 in. 
stroke, direct driven, three-throw plunger pumps, operated by a 15-B.H.P. 
motor through worm reduction gearing. The crankshaft is driven by a worm 
drive. It was originally suggested that a raw-hide pinion should be used, but 
owing to the hot and humid climatic conditions during the Hong-Kong summer 
months raw-hide pinions are found to be unsuitable. The pump plungers are 
brass instead of cast iron; this was arranged as the pumps may be used for pump- 
ing sea water, and in addition the clay contains a considerable quantity of sea 
water. One pump is of sufficient capacity to deal with clay slurry from one 
wash-mill. A second pump is installed as a stand-by and the third pump in the 
clay pump house deals with sea water, which is drawn through a pipe which 
passes between the wash-mills and is carried on the dolphin alongside which the 
clay barges are moored. 





PaGeE 310 CEMENT AND CEMENT MANUFACTURE SEPTEMBER 1932 


Cast-iron flanged piping of 6-in. diameter carries the slurry to the small clay 
feed tank situated on top of the main clay slurry storage tank. 


Raw Material Crushing Section. 

The limestone arrives in 5-ton side-tipping wagons hauled by a small steam 
locomotive. Pneumatic hoists, working under air pressure of 30 to 40 lb. per 
square inch, are arranged in a convenient place to hook on to the side of the 
wagons for tipping purposes. To feed the air hoists a small air vessel, supplied 
from the main compressors, is situated in the crusher house. Five tons of stone 
are tipped in this way into the receiving hoppers, of which there are three, 13 ft. 


Limestone Jaw Crushers. 


by Io ft. at the top. Underneath each hopper are finger feeders with seven 
bars, four stationary and three moving. These bars are arranged close together, 
and all the stone, both large and small, is passed forward to the crusher, where 
it is reduced to about 3 in. and under. 

Crushers numbers 1 and 2 are 30 in. by 18 in. opening, of the swinging-jaw 
type and rated at 30 tons per hour'to 3 in. size. The main frame of these 
crushers is of cast steel, ribbed and stiffened. The swinging jaw is of toughened 
cast steel, bushed and bored for a 7}-in. diameter shaft and machined to receive 
the jaw faces and toggle seatings. The jaw faces are of manganese steel, ground 
on the back and designed to be removable and reversible. The pitman is of 
cast steel and water-cooled, with a split bearing fitted with renewable cast-iron 
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bushes. The speed of the crusher is 250 R.P.M. The drive is by belt and pulley 
from a 60-B.H.P. motor, and the finger feeder is operated by belt drive from 
the crusher. A fast and loose pulley is fitted to the finger feeder and after a 
stoppage the crusher can be cleared before the finger feeder is put into opera- 
tion. Crusher number 3 is of smaller size, namely, 24 in. by 13 in. opening, of 
the ‘‘ Hadfield ’’ standard type and is rated at 15 tons of stone per hour to 2} in. 
size, although as a matter of fact its output is greater than this. This crusher 
was in stock and is utilised in this position as a stand-by unit. A motor of 
30 B.H.P. is installed to operate this machine. 


The crushed stone falls on to a 20-in. troughed inclined-belt conveyor 104 ft. 
long, inclined at an angle of 18 deg. The belt is of rubber and canvas, and 
must be supplied with a regular stream of stone for the material to travel up 
this angle in comfort. The drive of the conveyor is by belt, and from the motor 
which operates the crushing rolls. There are three belt conveyors taking stone 
from each of the three crushers and feeding it to three roller mills. Each roller 
mill consists of two sets of smooth-gear driven rolls, both 36 in. diameter by 
36 in. face, and reduces the limestone to # in. and under, which is sufficiently 
small for delivery to the compound ball and tube mills. The rolls are of man- 
ganese steel shells arranged on two large cast-iron coned centres, drawn up tight 
in position by forged steel bolts. The rolls are geared together by cast-steel 
spur wheels, having special machine moulded involute teeth to allow the rolls 
to move slightly apart should foreign matter be introduced. The roller mills 
are totally encased by mild-steel removable dust casing, which carries the cast- 
iron feed hopper and cast-steel chequer plates. Each mill is rated to deal with 
30 tons of limestone per hour to approximately ? in. The speed of the rolls is 
15 R.P.M., while the pulleys run at 85 R.P.M. Each is driven through belting 
by a 60-B.H.P. motor which also operates the inclined belt. 


The crushed stone falls through mild-steel chutes, designed to check the rush 
of material, on to a horizontal troughed rubber and canvas band conveyor 30 in. 
wide and 48 ft. long. The drive of the conveyor is by belt from the motor 
which operates either of the two 24-in. limestone elevators. The stone from 
the conveyor falls into one of two similar elevators. The elevators are dupli- 
cated in case of breakdown and each has 24-in. buckcts and a capacity of 60 tons 
of limestone per hour. The height of the elevators is 58 ft., and they are totally 
encased by mild-steel plate casing. The buckets are of pressed steel with a mild- 
steel flat reinforced lip on the front edge. The buckets are joined by two strands 
of cable chain, to which they are attached by special links. The mild-steel flat 
skidder bars provided on the buckets to slide in the vertical guides were found 
to cause frequent stoppages, and were all cut off. The drive of each elevator 
is by cast-steel machine-cut spur-wheel gear, with cut pinions on a countershaft 
which passes through the elevator head casing. This countershaft is driven by 
belting from a 20-B.H.P. motor, which also operates the conveyor feeding the 
elevators. The motor is directly coupled to a totally-enclosed machine-cut spur- 
reduction gear box, mounted on the same bedplate as the motor. Flexible 
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couplings are provided on both sides of the gear box. The speed of the elevator 
countershaft is 90 R.P.M. 

The stone elevated in this way falls on to a flat rubber and canvas belt con- 
veyor 40 in. wide supported at r1o ft. centres. This elevator discharges the 
crushed limestone into one of the three reinforced concrete hoppers of 200, 215 
and 200 tons untrimmed capacity respectively, which act as feeders and storage 
capacity for the three compound ball and tube mills. A point to note in this 
connection is that the end hopper usually contains far more fine material than 
the other two on account of the dust and small stone which escape under the 
plough feeding either of the nearer bunkers. This affects the setting of the mill- 
feed table and increases the output of the corresponding mill. The stone is 


Two of the Motors for the Raw Mill. 


removed from the belt by hand-operated ploughs. The belt is driven through: 
reduction gearing by a 15-B.H.P. motor. 

In order to produce the best results it is found advisable when using Canton 
limestone to add up to 5 per cent. of sand when the clay does not contain a 
sufficient quantity. When using the clay from the works’ wharf the addition cf 
sand is unnecessary and the sand arrangements can be used for iron ore. The 
clay in question is rather deficient in ferric oxide and the addition of a small 
percentage of iron ore acts as a flux and materially assists in the burning process. 
Also an adjustment of the silica-ferric-oxide-alumina ratio enables the easier 
manufacture of rapid-hardening cement. Arrangements are provided to intro- 
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duce this sand or iron ore to.the three sand hoppers incorporated in the rein- 
forced concrete structure of the limestone bunkers. These hoppers contain 
35 tons, 30 tons and 35 tons, respectively, of sand (untrimmed). These arrange- 
ments consist of a chute and an 8-in. totally-encased vertical sand elevator of a 
similar type to that already described and 52 ft. high. This elevator delivers 
the sand or ore to a flat belt conveyor 18 in. wide and 60 ft. long, which in turn 
feeds the three sand hoppers. The sand elevator is driven through reduction 
gearing by a 5-B.H.P. motor, and the conveyor is also driven through reduction 
gearing by a similar motor. 

The motors driving the crushers, rolls, elevators and conveyors on the top 
of the bunkers are all electrically interlocked. The last mentioned is started 
first, then the elevator motor, then the rolls, and finally the crushers. In the 
event of stoppage of, say, the elevator motor, the rolls and crushers are auto- 
matically cut off. In a similar way the sand-elevator motor and sand-conveyor 
motor are also interlocked. 

The jaw crushers are in a pit 19 ft. deep. The level of the water in the 
surrounding ground is about 4 ft. below the surface, and it was therefore neces- 
sary to introduce special waterproofing arrangements. The same waterproofin, 
arrangements had to be carried out wherever a deep pit was necessary. A brick 
wall was built up and on the face of this wall a bitumastic waterproofing compound 
was plastered. To prevent the material being scraped off the wall when the 
concrete was being filled in, the compound was plastered over with cement 
grout. Afterwards the necessary shuttering was erected and the concrete walls 
of the crusher pit installed. It was found, however, that this method of water- 
proofing was inadequate, and the whole of the inner surface of the concrete wall; 
of the crusher pit was treated with a different waterproofing compound. The 
last method proved satisfactory, with the exception of the place where the joists 
supporting the crushers were inserted in the concrete where slight leakage occurs. 

(To be continued.) 


[Note :—Manufacturers’ Announcements regarding the plant at Green Island 
Cement Works are given in a Special Supplement in this number.] 


Austrian Cement Companies’ Dividends. 

Perlmoser Zementfabrik A.G. has declared a dividend of 5 per cent. for the 
year 1931, the same as for the past three years. 

Vorarlberger Zementwerke Lorans, A.G., made a net profit of £7,970 for the 
year 1931, and a dividend of 3 schillings has been declared. 

The Cement Trade in Belgian Congo. 

The profit of Ciments du Katanga for the year 1931 was 7,458,183 francs 
(£42,600), compared with 16,417,542 francs (£93,800) in the previous year. 
A dividend of 175 francs was declared, against 250 francs for 1930. The Company 
has a capacity of 60,000 tons a year, and due to shortage of demand, particularly 
in Northern Rhodesia, the plant was stopped in May chis year. 
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Induced Draught é& 
Coal Firing Fans 


are installed at 


GREEN ISLAND 


Full particulars for your 
individual requirements from 


DAVIDSON & CO., LIMITED 
Sirocco Engineering Works, Belfast. 


Branches in all principal cities. 


6 
The Loco which runs on 
A The Ruston Oil-Engined Locomotive 
CHEAP } UEL fitted with high efficiency “‘ Diesel Oil” 
Engine; Starts from cold by hand; 


Three speeds forward and reverse; 
Axles move in radius with chain drive, 
thus obviating risk of chain snatch on 
uneven track. Gear wheels are not 
thrown out of mesh at any time and 
consequently cannot be damaged by 
careless handling. 


FUEL BILLS DOWN 
—PROFITS UP! 


This is the effect of installing Ruston 
Locos. 


Everyone interested in economical haulage 
should ask for prices and running costs. 
Made in 3 sizes: 10, 16 and 20 h.p. 


Ruston & Hornsby Ltd. 
LINCOLN. 
Britain’s Oil Saree. ss 
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Notes from the Foreign Press. 
ABSTRACTED BY J. W. CHRISTELOW, B.Sc. 


Tricalcium Silicate and Alite. By E. JANECKE and R. Britt. Zement, Vol. 21, 
Pp. 377, 380, 1932. 

The authors have hitherto contested the existence of tricalcium silicate, 
but X-ray examination of samples of tricalcium silicate and B-dicalcium silicate 
supplied by Bogue has led them to agree that tricalcium silicate undoubtedly 
exists. Their previous results were due to the loss of SiO, by evaporation when 
mixes of the composition 3CaO.SiO, were fused in the arc. The product was 
thus a mixture of tri- and di-calcium silicates which led to misinterpretation of 
the X-ray spectra. It is still contended that tricalcium silicate is not the alite 
of cement clinker, since Carlson found that the compound is unstable below 
1,400 deg. C. It is supposed that alite consists of mixed crystals of the formula 
Ca,(Si,),_, (Al,Ca),O, where m is less than 0.5. If it be assumed that = 0.5 
the formula for alite becomes gCaO.Al,03.2SiO,. 


Mineral Formation in Kaolin-Lime Melts. I. Weyer. Zement, Vol. 20, p. 264, 
1931. 

The author investigates Dyckerhoff’s contention that tricalcium silicate cannot 
be formed in the technical burning of cement. It was first confirmed that the 
formation of this compound in synthetic raw meals begins at 1300 deg. C. To 
determine whether the compound suffered change at higher temperatures 
mixtures of metakaolin and lime were heated for 6 hours at 1450 deg. C. With 
1 part kaolin to 9 parts or more of lime all the silica was present as tricalcium 
silicate embedded in tricalcium aluminate, the optical properties of the silicate 
being unchanged. The same was true of 1:10 mixtures heated to 1655 and 
1700 deg. C. The material heated to 1700 deg. C. was also studied by X-ray 
spectroscopy and showed only the spectrum lines of CaO, tricalcium aluminate, 
and tricalcium silicate. 


Book Review. 
**La Tecnologia del Cemento Portland.’”? Published by Ulrico Hoepli, Milan. 
Pp. 358. 
A book devoted to the technology of cement is a rarity, and this volume in 
Italian is worthy of imitation in other languages. The chemical aspect of the 


subject is adequately treated, and much space is given to the important subject 
of the constitution of cement. ‘This is followed by chapters dealing with the 
testing of cement, methods of chemical analysis, and proportioning of raw 
materials. The latter half of the book is concerned with methods of manu- 


facture, and the various machines used therein are discussed from a technical 
standpoint. The thermal efficiency of the rotary kiln is discussed, and a valu- 
able feature is a set of tables giving dimensions, output capacities, and power 
consumptions of crushers, mills, driers, kilns, conveyors, etc. The book should 
be useful to those engaged in the manufacture of Portland cement. 
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Rotary Kilns of High Output. 


By E. SCHIRM. 


THE quantity of cement material passing through the rotary kiln is small in 
comparison with the dimensions of the kiln. With a normal kiln diameter of 
1oft., for example, the layer of material is only a few inches thick, with the result 
that the relatively low figure of 150 to 200 tons of clinker per twenty-four hours 
is generally accepted as a good output. 

In considering the reasons for this relatively low output and the most recent 
methods of increasing it, first it must be noted that the fuel consumption per unit 
time per unit volume of the clinkering zone is not excessive in comparison with 
other combustion processes. Further, there would be no difficulty in increasing 
several-fold the quantity of material adequately dealt with in the clinkering 
zone, especially if the danger of too rapid transit through this zone and consequent 
underburning are guarded against by adopting an enlarged clinkering zone in 
which the material is retained for a longer time. 


The normal amount of material in the kiln could be increased two-fold or 
three-fold without appreciably diminishing the area of the cross-section available 
for the passage of the gases. On the other hand the volume of gas and its speed 
increase almost proportionally with the quantity of cement material dealt with. 
The amount of dust which is lost is also undoubtedly increased ; this factor is, 
however, dependent not only on the gas speed but also on the grain size of the 
material. For this reason the raw meal is moistened even in the dry process so 
that granules are formed on rotation of the kiln, such that their size prevents 
them from being taken up by the gases. These granules are partially broken up 
on passing farther along the kiln, but by carefully adjusting the conditions the 
natural attrition can be to a great extent prevented, so that even with the higher 
gas speeds corresponding to increased output the loss of dust can be kept within 
normal limits. In the wet process these considerations are relatively unimportant. 

If the amount of material in the kiln is increased the thickness of the layer 
will be greater along the entire kiln, and experience shows that the material 
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passes through at a greater speed for a given kiln inclination. This is analogous 
with water flowing through a channel, the speed of flow increasing with the water 
level. If it is desired to maintain the normal speed of material (100 to 125ft. per 
hour) in spite of the greater depth the inclination of the kiln must be reduced. 
This has, however, the result that if the material is held up at any point (ring 
formation) the raw material is apt to flow out of the upper end of the kiln. This 
is especially the case in the wet process, but it occasionally occurs also in the dry 
process. 

The simplest method of preventing this overflow is to fit the upper end of the 
kiln with a circular flange behind which considerable quantities of raw material 
can collect without overflowing. This, however, impedes the gases, the velocity 
of which is increased, so that the dust problem is accentuated. Further, the 
chimney draught must be increased, and, most important, the column of gas in 
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Fig. 2. 


the kiln begins to vibrate, so that combustion proceeds irregularly and dust 
formation is encouraged along the entire length of the kiln. 

An attempt to overcome these difficulties by modifying the upper end of the 
kiln is shown in Fig. 1. The end section of the kiln is enlarged and is fitted at 
its extremity with a ring whose inner diameter is the same as that of the unwidened 
part of the kiln. This construction allows a considerable quantity of material 
to collect near the entrance to the kiln without any overflow, and at the same 
time avoids the disadvantages of constricting the path which must be taken 
by the gases. But this arrangement is only of limited efficiency. In the wet 
process, for instance, the material cakes on the sides of the kiln in the region 
where the wet slurry is becoming solid. The slurry is held up by the crust so formed 
until it is able to surmount it and solidify, and slurry rings of considerable thickness 
can thus be formed. Under these conditions the construction shown in Fig. I 
is no longer adequate to retain the material in the kiln with certainty. 
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It has therefore been suggested that the top end of the kiln should be completely 
closed except for a small central opening for the slurry-feed pipe, and that the 
waste gases should be led away through the sides of the kiln. Fig. 2 shows one 
of the best of the numerous constructions of this type. The gases leave the kiln 
through a series of tubes leading into the kiln at right angles to the shell, their 
length being somewhat greater than the depth of slurry in the kiln. The depth 
of slurry shown in the figure—about one-quarter of the kiln diameter—is extremely 
great and can hardly ever be attained in practice, since if the material is held up 
to this extent continuous running of the kiln is no longer possible and it must 
be stopped for the purpose of removing slurry rings. 

The side tubes are staggered so that the gases pass through one tube in each 
cross-section of the kiln, and the gas stream is not appreciably impeded. Any 
desired number of tubes may be used, preferably sufficient for the sum of their 
cross-sections to equal or exceed the cross-section of the kiln. The gases can 


thus easily be removed through the tubes. There is no danger of the raw material 
falling through the open tubes, since it does not adhere to the kiln shell in this 
zone and is not carried up by the rotating kiln. Ifasmall quantity of raw material 
should happen to fall into the side tubes it can easily be removed from the kiln 
head and returned to the kiln. This construction is very successful in retaining 
the raw slurry in the kiln. 

A fundamentally different method, which has the advantage of enabling a 
smaller kiln head to be used, has been used in the dry process. This depends 
on the fact that dry raw material can be manipulated with a scoop. Overflow 
from the kiln can thus be prevented by scoops fixed to the kiln shell in screw 
formation. This method has been in use for a considerable time in kilns in which 
the raw material occupies the normal small proportion of the cross-section. 
Piling-up of the raw material occasionally occurs in such kilns, resulting in the 
overflow of the newly fed material. This is prevented by having at the extreme 
end of the kiln a short space free from scoops in which the feed-screw works. 
with immediately in front of it a zone fitted with 12in. scoops. 
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Fig. 3 shows a further development of this idea. In this construction the 
whole of the end of the kiln is filled with ribs of screw-like form which project 
almost to the axis of the kiln. Passing centrally through these projections is a 
raw-material feed-pipe in which works a screw conveyor, delivering the material 
into the kiln in front of the projections. A spray is also provided as shown in 
the figure. In this plant it is not the function of the sheet metal scoops to convey 
the material into the kiln ; their purpose is solely to prevent it from being forced 
back out of the kiln. Thus, only small amounts of material come into contact 
with the scoops and they are only slightly encrusted over. Even if the kiln is 


arrested the raw material is safely kept in the kiln. The sheet metal screw 
formation offers only slight resistance to the kiln gases since a very high pitch 
can be adopted. Further, the slightly increased resistance to the gases can be 
eliminated by enlarging the kiln in this zone. The overflow of raw material 
from the upper end of the kiln can thus be prevented in modern practice with 
reasonable security, even when working with the material filling a large area of 
the cross-section. 

Unfortunately, these methods do not avoid all the difficulties that are met. 
It is common knowledge that uniform working is greatly impeded by the caking 
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of material on the sides of the kiln, since its natural effect is a temporary holding 
up followed by a rapid rush of material. If the kiln is being used to its highest 
capacity care must be taken to prevent slurry-ring formation and to ensure 
uniform passage of material. This uniformity is difficult to attain owing to the 
slight inclination of the kiln, and it is to the drying zone that the difficulty is 
mainly due. Considerable attention has been devoted in recent years to devising 
mechanisms for ensuring the passage of the material through this zone. 


Fig. 4 shows an arrangement of chains for expediting the passage of liquid 
or viscous raw material through the kiln. Partially dried slurry has a great 
tendency to cake and encrust upon all fixed structures, such as sheet metal pro- 
jections, fixed to the kiln shell. Moving members such as chains have proved 
satisfactory in preventing caking, the crust being continuously broken up by 
the rubbing of the chains. Generally speaking, chains serve not so much to 
expedite the passage of the material as to increase the area available for heat 


Fig. 5. 


exchange. With the object of combining the two functions, the chains have 
been inserted in groups, the points at which they are attached to the shell being 
disposed in screw formation. The curtain of hanging chains formed by each 
group presents to the material a screw-shaped surface which, on the rotation of 
the kiln, moves the material forward. Three such curtains of chains are shown 
in Fig. 4. In an actual kiln there are naturally many more such groups, so that 
the entire cross-section is filled with chains. This method of disposing the 
chains for the purpose of expediting the material down the kiln does not diminish 
their property of assisting heat exchange. 

Fig. 5 shows a further noteworthy arrangement of chains for expediting the 
passage of the raw material. In this scheme no use is made of the chains for 
assisting heat transfer, and they can therefore be arranged in the best manner 
for moving the material forward in the kiln. The encrustment and caking of 
the raw material are frequently so extensive and so difficult to break up that they 
can only be overcome by using heavy weights or extremely heavy chain assem- 
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blies. In the arrangement of Fig. 5 use is made of short chains which do not 
hang low in the kiln, and the greater part of the cross-section remains clear o! 
them. Their shortness prevents them from moving far from their mean position. 
They hang in short catenaries from the kiln walls, to which they are attached 
from points in screw formation. The heavy weight of the short chains is sufficient 
to break up even the largest lumps, while the screw arrangement ensures the 
passage of the material down the kiln. The usual long light chains can naturally 
be used in conjunction with the short members, but the former then serve ex- 
clusively to assist heat transfer. Alternate zones of conveyor and heat transfer 
chains can be used, or, if preferred, both types of chain can be used together 
in the same zone so that the length of the kiln need not be increased to accom- 
modate the conveyor chains. 

It has been shown that ‘chief difficulties arising when the kiln is worked at 
abnormally high capacity occur in the upper zones, and in recent times a very 
considerable increase in output has been attained by using the various methods 
described. Daily outputs of 300 to 400 tons of clinker can now be obtained without 
increasing the size of the kiln, as has been demonstrated in the case of the 
Neuwied plant completed in 1930 (see CEMENT AND CEMENT MANUFACTURE, 
November, 1931). It has further been found that the radiation loss from the 
kiln is chiefly dependent, not on the amount of material passing through, but 
upon the dimensions of the shell. Thus the radiation loss per unit output has 
been reduced by working at higher capacity. 


A further proof of the fact that the clinkering zone of fhe rotary kiln can 
readily cope with much more than the normal quantity of material has recently 
been afforded by the Lellep (Polysius) kiln. In this the upper part of the rotating 
cylinder is replaced by a travelling grate, which results in an extremely high 
output, approximately equal to that of the simple rotary kiln of high capacity 
described above. 

These recent developments constitute an important advance“in kiln technique. 
The effect on the cost of production of making a single kiln do the work of two 
of the same size is obvious. In conclusion it may be emphasised that this result 
has been achieved in the dry as well as in the wet process. 


Proposed New Cement Works in Iraq. 


A recent issue of the ‘‘ Baghdad Times”’ contained the following paragraph : 
‘“‘The Ministry of Communications and Economics has granted permission to 
Dr. Muhammad Haider for the establishment of a cement factory in Iraq, on 
condition that the raw materials necessary for cement production should be ex- 
clusively limited to materials extracted in the Kifri area, which has been given 
on lease to both Dr. Haidar and Yassin Pasha al Hashimi. An Iraqi syndicate 
will forthwith be formed, and cement should be produced within three years. 
The capital involved for this scheme is about 300,000 dinars ({300;000).”’ 
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Moroccan Cement Company’s Dividend. 


S. A. des Chaux, Ciments et Matériaux de Construction au Maroc has declared 
a dividend of 15 francs gross for the year 1931, when the net profit was 3,711,571 
francs (£29,900) ; this is at the same rate as for the previous year, when the 
profit was 3,967,984 francs (£31,900). The directors’ report states that com- 
petition from European countries has been very severe, and that foreign cement 
is available at record low prices. 


German Cement Companies’ Dividends. 

The first balance sheet of the amalgamated Dyckerhoff-Wicking concerns 
shows a loss of 3,976,535 marks (£195,000). 

Portland-Cement-Fabrik Karlstadt-am-Main A.G. reports a net profit for the 
past year of RM. 1,628 (£80), against RM. 563,241 (£27,570) in 1930, and 
RM. 882,406 (£43,000) in 1929. 

A loss of RM. 20,026 (£980) for the year 1931 is reported by Portland-Cement- 
Fabrik Blaubeuren Gebriider Spohn A.G., against a loss of RM. 147,000 (£7,200) 
for 1930 and a profit of RM. 258,000 (£12,600) for 1929. 

The loss for the past year of Geseke Kalk-und-Cementwerke “‘ Monopol ”’ A.G. 
amounted to RM. 145,000 (£7,100) compared with a net loss of RM. 43,000 
(£2,100) for 1930. 

A.G. Kursachsen Portland Cementwerke, Carsdorf, reports a loss of RM. 366,539 
for 1931, against RM. 76,000 (£3,700) for the previous year. 

A profit of RM. 150,000 (£7,350) was made by Hannoversche Portland- 


Cementfabrik A.G. for 1931, and a dividend of 3 per cent. has been declared. 
These figures compare with a profit of RM. 366,000 (£17,920) and a dividend of 
8 per cent. for 1930. 

Norddeutsche Portland-Cement-Fabrik, Misburg, A.G. reports a loss of 
RM. 81,293 (£3,980) for the past year, against a profit of RM. 216,868 (£10,620) 
for the year 1930, when a dividend of 7 per cent. was paid. 


Belgian Cement Sales. 

The production of Portland cement in Belgium for the month of July is esti- 
mated at 150,000 tons, against 193,000 for July 1931; these figures are given 
ds 45 per cent. and 58 per cent. of capacity respectively. For the period 
January to July 1931 production is estimated at 1,038,000 tons, against 1,062,283 
tons in 1931. C. B. R. export figures for the period January to June 1932 are 
stated to be 146,420 tons, compared with 196,969 tons for the same period last 

rear. 
: German Cement Sales. 

The sales of the Deutscher Zement Bund for the month of July last are given 
as 330,000 tons, compared with 452,000 tons for July 1931 and 576,000 tons for 
July 1930. The sales for the period January to July 1932 are stated to be 
1,701,000 tons, against 2,441,000 tons and 3,505,000 tons for the same periods 
in 1931 and 1930 respectively. 

Westdeutscher Zement Verband reports that its sales for the year 1931 
amounted to only about 45 per cent. of those of a normal year. 
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Changes Occurring Within a Portland Cement Kiln. 


THE following notes, by Messrs. W. N. Lacey and H. E. Shirley (of the 
California Institute of Technology), appeared in a _ recent number of 
‘Industrial and Engineering Chemistry,’’ and are reproduced here by courtesy 
of that journal : 

A method of obtaining samples of the charge at a number of points along 
the length of an operating rotary cement kiln has been described by Lacey 
and Woods,’ and curves were shown portraying the changes in the charge as 
it passed through the kiln. These changes were followed by means of analyses 
of the samples for loss on ignition and for free lime (uncombined CaO). The 
former determination gave indication of the progressive loss of volatile matter, 
while the latter showed the excess of CaO freed by calcination over that which 
had recombined with the other non-volatile constituents of the charge at any 
particular stage of the process. 
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Fig. 1.—Positions for Sampling Kiln Change. 


Messrs. Lacey and Shirley report an extension of this method of treatment 
capable of giving a more complete account of the changes occurring, and the 
results of analyses of a similar set of samples obtained from the same kiln 
that gave rise to the samples studied by Lacey and Woods are presented by 
way of illustration. By analysing separately for water and for CO, as well as 
for the total loss on ignition and for free lime it becomes possible to follow 
directly changes in the state of combination of the lime. 


Sampling. 

The kiln sampled was at the Crestmore plant of the Riverside Cement Co., 
California, which was using a dry raw mix containing a small percentage of 
returned dust. The fuel was natural gas, and the gases leaving the feed-end 
of the kiln passed through waste-heat boilers. The dimensions of the kiln and 
positions of the sampling stations were the same as those given by Lacey and 
Woods, and are shown in Fig. 1. 


1 Industrial and Engineering Chemistry (1929) 21, and Rock Products, January 18, 1930. 
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Samples of feed, of clinker, and of charge at twelve different stations (indicated 
by numbers along the kiln axis in Fig. 1) were taken nearly simultaneously 
at half-hour intervals. All the individual samples for a given location were 
placed in a tin can with tightly fitting cover. The period of continuous sampling 
extended over five hours. After the run the sample-can covers were sealed with 
wax until the samples were removed for grinding. After being ground to pass 
a 60-mesh screen, each sample was well mixed and quartered, and one quarter 
placed in a small tin sample can with a tight cover. Each of these cans, 
together with the remaining three-quarters of the sample, was returned to the 
larger sample can, which was then resealed with wax. After a sample for analysis 
was withdrawn from the small can, the latter was again returned to the large 
can, which was then resealed. These precautions were found necessary on 
account of the hygroscopic nature of the samples, particularly those showing 
high free-lime content. 

Analytical Methods. 


The determinations of water, CO,, and loss on ignition were made by heating 
a weighed sample in a boat inserted in a silica tube and sweeping the evolved 
gas and water vapour into weighed absorption bottles. The gas used for 
sweeping was passed through a preliminary purifying train before entering the 
silica tube. The purifying train consisted of bubble counter, trap, CaCl, tower, 
soda lime tower, desicchlora tube, ascarite tube, desicchlora tower, ascarite 
tower, large dry bottie and U-type weighing tube for checking the effectiveness 
of the purification train. The large dry bottle served as a reservoir to store a 
quantity of purified gas which could be drawn upon for sweeping purposes. 
Frequent checks upon this system showed that, if the tubes were occasionally 
shaken to prevent channelling, no corrections were necessary for water or CO, 
entering with the purified gas. 

The silica tube was { in. inside diameter and 1} in. outside diameter. A 
zone 9 in. long was heated in a small furnace by three Fisher burners, using a 
natural gas-air mixture. The heated portion of the tube was protected from 
direct contact with the flame ‘by a closely fitting shield of sheet nickel. However, 
in spite of this protection, the silica slowly devitrified, lasting for six months 
of continuous use. The entrance end of the silica tube was connected to the 
purifying train by a long rubber stopper, one end of this fitting the end of the 
tube and the other end fitting into a piece of large rubber tubing which was 
taped around the outside of the silica tube. This gave a satisfactory gas-tight 
joint. It was determined that the temperature of the inside surface of the 
stopper did not go above 40 deg. C. as a result of heat radiated from the 
interior of the tube. 

The exit end of the silica tube was drawn down and a smaller piece of clear 
quartz tubing sealed to it. The end of this tube was ground to fit roughly into 
a flare on the end of one side-arm of the first Fisher absorption bottle. This 
junction was made gas-tight by using a piece of pure gum-rubber tubing 
over it. 
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The absorption train consisted of four Fisher absorption bottles followed by a 
trap, a bubble counter, and an aspirator bottle to draw gas through the system. 
The first two absorption bottles were filled with desicchlora (anhydrous barium 
perchlorate) to absorb water driven from the sample for weighing. The third and 
fourth absorbers contained ascarite (asbestos impregnated with NaOH) for absorb- 
ing CO,, and also some desicchlora to prevent loss of moisture from ascarite. 
The temperature of the gases coming from the exit end of the silica tube was found 
to be about 38 deg. C. for the rate of approximately 2 litres per hour used in the 
determinations. Since this is safely below the decomposition temperature of the 
hydrate of barium perchlorate (120 deg. C.) no difficulties were experienced from 
this source. 

The method used in making a determination was as follows: The Fisher 
absorbers were carefully wiped with a clean, dry, lintless cloth and weighed. They 
were then inserted in the ignition train. A sample of the material to be analysed 
was weighed into an alundum boat which had been previously ignited and weighed. 
The boat and sample were pushed into place in the heating zone of the silica tube 
by means of a long wire. The end of the silica tube was closed up again, stopcocks 
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Fig. 2.—Results of Analyses. Fig. 3.—Water Evolved. 


were opened, and the-aspirator adjusted so that air was pulled through the train 
at the rate of approximately 2 litres per hour. A vacuum of 15 mm. of mercury 
was necessary to accomplish this. The heating zone of the silica tube was then 
brought up to 1,000 deg C. during the course of an hour. The temperature was 
measured with a chromel-alumel thermo-couple. It was found that four hours 
were necessary for the CO, to be completely liberated and swept out of the tube. 
At the end of this period the aspiration was stopped, and the absorbers were 
allowed to come to atmospheric pressure, removed from the train, and reweighed 
to ascertain the amount of water and CO, evolved. The boat was allowed to 
cool in the silica tube, the purification train meanwhile protecting it from water 
or CO,. The loss in weight of the boat and sample was determined and reported 
as the loss on ignition. 

The free-lime determinations were made by the method of ammonium acetate 
in absolute alcohol used by Lacey and Woods. Specific gravities were determined 
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with a standard Le Chatelier specific-gravity bottle. The MgCO, present in the 
feed was determined by a method described by Meade. The mean of several 
determinations gave a value of 3.9 per cent. MgCO, in the feed, corresponding 
to 1.9 per cent. CO, obtainable from this source. In the calculation of CaO 
liberated from CaCO,, this amount of CO, has been taken into account as coming 
from MgCO, before any CaCO, has decomposed. Since the amount of MgCO, 
present is small compared to the CaCO,, and on account of the much greater 
tendency of MgCO, to decompose at moderately high temperatures, this assump- 
tion involves only a small error in the calculations. The free moisture in the 
feed was determined by holding a sample at 105 deg. C. for five days, which 
showed a loss of only 0.09 per cent. The analysis of the clinker was as follows: 
64.3 per cent. CaO, 3.8 per cent. MgO, 23.1 per cent. SiO,, 4.6 per cent. Al,O,, 
2.2 per cent. Fe,O,. 

The results of the analyses are given in Fig. 2, which shows changes in the 
charge in relation to its distance from the discharge end of the kiln. Since the 
water evolved is small, a plot on an enlarged scale is shown in Fig. 3. Checks 
to the nearest 0.1 per cent. were obtained on all values of loss on ignition, water 
remaining, and CO, remaining, which are reported. The check specific-gravity 
determinations agreed to 0.003. 


Discussion of Analyses. 

It was found that the values for loss on ignition and for CO, evolved are in 
close agreement throughout. This would be expected to be true after most of 
the water in the charge had been driven off, but is surprising for samples at and 
near the feed end of the kiln. A comparison between the loss on ignition and 
the sum of the water and CO, evolved indicates that the loss on ignition of the 
feed sample is distinctly low. A possible explanation of this discrepancy is 
offered by the absorption by the feed of oxygen from the air used for sweeping 
the gases from the silica tube. To test this hypothesis four determinations were 
made, replacing the air with nitrogen from a cylinder. The results are given 
in Table I. The second column shows ignition-loss values determined in previous 
analyses using air in the tube. 


TABLE I. 
ANALYSES OF SAMPLES. 


Ignition Loss. Difference 

——___—__— COz. H,0O. between 

In In Loss and 
Air. Nitrogen. CO, + H,0. 


Per cent. Per cent. Per cent. Per cent. 
31.7 32.2 31.3 ‘ —0.2 
31.8 32.2 31.2 : —0.2 

9.4 9.3 8.9 . 0.2 
9.4 9.2 8.8 ‘ 0.2 


It will be seen that the use of nitrogen results in a higher value of ignition loss 
and a lower discrepancy in the case of the feed. This smaller discrepancy might 
be explained by the fact that the nitrogen was produced from liquid air and was 


é 





PaGE 326 CEMENT AND CEMENT MANUFACTURE SEPTEMBER 1932 


not purified from oxygen before use. No great difference was found for the 
sample from station 8 whether air or nitrogen was used. The higher value for 
loss on ignition of the feed has been used in Fig. 2 and subsequent calculations. 

A series of determinations of loss on ignition was made by the usual method 
to study the rate of loss of weight. The rates for three samples are shown in 
Fig. 4, the total loss at the end of 44 hours being called in each case 100 per cent. 
to allow an easier comparison. It will be seen that the samples vary in the rapidity 
with which volatile matter is given off. Two samples had evidently not reached 
constant weight at the end of 44 hours. Twelve hours of continuous igniting 
of four samples resulted in greater losses than those found in four hours in the 
furnace tube, as shown in Table II. 


TABLE II. 
Data ON IGNITION Loss. 


Loss on Ignition. 
(Per cent. of Original Sample.) 


4 hr. in Tube. 12 hr. in Crucible. 


0. 31.2 
3: 23-5 
9. 9.9 
3: 4-1 


3 
2 





The fairly constant increase in loss during the last eight hours might indicate 
a gradual volatilisation of alkalis. This gradual increase in loss on ignition makes 
it very difficult to know when to stop the process when highly accurate results 
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Fig. 4.—Rate of Loss during Ignition. 


Fig. 3 shows that the combined water was driven out of the charge rapidly. 
Only o.1 per cent. of the water was free moisture removable by drying at 
105 deg. C. 
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The slight increase in water remaining in the samples from stations 7 and 8, 
although not large enough to be much beyond experimental accuracy, might be 
attributed to the great tendency of samples from this section of the kiln to absorb 


TABLE III. 
TENDENCY OF SAMPLES TO ABSORB MOISTURE. 


ic aden Loss on Ignition. Free Lime 


| “tnitial. 4 Months Later. Difference. Content. 





Per — Per cent. Per cent. Per cent. 
31.7 —O.1 0.9 
23-4 0.3 11.7 
37:2 1.8 19.6 
12.0 } 2.6 26.1 
10.3 3.9 26.3 
8.2 5.0 28.2 
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moisture. This tendency is shown in Table III, the samples of which were stored 
in tin cans which were tightly covered but not sealed with wax. A similar set of 
samples, taken from stations adjacent to No. 7, and stored for a year, showed 
moisture values of about 9 per cent., while the feed gave only 1.5 per cent. 
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Discussion of Results. 

Before considering the changes occurring in the charge as it passes through 
the kiln it is necessary to bring the analytical results to some common basis for 
comparison. It has been assumed that the non-volatile material (that is, 100 per 
cent. minus the per cent. loss on ignition) passes through the kiln without loss or 
gain in weight. This involves the assumption that the material volatilised by 
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igniting the feed in a crucible is the same in amount as that volatilised by a partial 
ignition in the kiln followed by a final ignition in the crucible. This constant 
amount cf non-volatile material then serves as a ‘‘ tracer’’ to assist in the deter- 
mination of the amounts of the samples taken at different stations which correspond 
to a given size sample of original feed. Such calculations have been made on a 
basis of a sample of 100 Ib. of feed and the amounts of certain constituents present 


PERCENT OF Letity otes 


SPECIFIC GRAVITY 


Evouvec CO, , 


40 8 
DISTANCE FROM DISCHARGE ENo OF KiLN 
Fig. 6.—Relation between Increase of Specific Gravity and CO2 Evolutions. 


at various stages of the process found. In these calculations the loss on ignition 
of the feed has been taken as 32.2 per cent., which is the value obtained by 
ignition in an atmosphere of nitrogen, as already described. The initial free lime 
plus all the CaO liberated from CaCO, during the process is less than the total 
CaO present, the difference representing CaO which was originally in combination 
with other acidic constituents than CO,. 

Fig. 5 shows three fields indicating the state of combination of the CaO in the 
kiln charge at various points in the kiln. It will be noted that CaCO, persisted 
in appreciable quantity to within 20 ft. of the discharge end of the kiln. Free 
lime was not reduced to a satisfactory value until the clinker was within 1o ft. 
of the discharge end. Only small amounts of lime were recombined while the 
charge was in the upper half of the kiln. The most rapid recombination of lime 
occurred near the 20-ft. point, where the last of the CO, disappeared from the 
charge. The last of the lime recombination was a comparatively slow process. 

The data presented in Fig. 6 show that, although no strict correlation exists, 
the increase in specific gravity of the charge follows in a general way the evolution 
of CO, from the charge. The decided drop in the specific-gravity curve at stations 
3 and 2 might be explained by the presence of 8-dicalcium silicate which changed, 
upon premature removal from the kiln, into the y form which has about ro per 
cent. greater volume. There is no direct evidence in favour of this explanation, 
and it is merely suggested as a possible way of accounting for the phenomenon. 
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Free Lime in Portland Cement and Clinker. 
By O. GOFFIN AND G. MUSSGNUG. 

In continuation of the research described in CEMENT AND CEMENT MANUFACTURE 
for December, 1931, the relation between the free lime content, soundness, and 
strength of cement has been investigated, using rotary-kiln clinkers. An attempt 
has also been made to assess to what extent the determination of free lime is of 
value in works practice. Fresh rotary clinker was used, the free lime content 
being increased above the normal for the purpose of the research. The clinkers 
were ground in a small mill with and without 3 per cent. gypsum. A series of 
experiments was also carried out with clinkers ground with 30 per cent. granulated 
slag and 3 per cent. gypsum to determine the best free lime content for iron- 
Portland cement. The qualitative method of White and the quantitative 
ammonium acetate method were used to estimate the free lime. 


TABLE I. 
CLINKER WITH 3 PER CENT. GYPSUM. 
(+ indicates sound, — Unsound, and cr. Slightly Crumbled.) 


Tensile Strength Crushing —— 
Setting Time. (Ib. per sq. in.). (Ib. per sq. in.). 
—— Priissing | Boiling Cold f— — 
Test. Test. Water 28 Days 28 Days 
| Initial. Final. Test. Com- Com- 
| 1 Day. 7 Days. bined 7 Days. bined 
hrs. mins./hrs. mins. Storage. Storage. 


381 540 844 7,266 | 9,271 
297 498 712 | 6,996 | 9,072 
333 547 822 | 7.494 | 8,774 
408 480 657 | 7,366 | 9,442 
401 465 735 | 7.195 | 9,286 
418 428 762 6,726 | 8,774 
458 348 791 | 6,271 | 8,774 
392 330 564 | 5,958 | 9,286 
435 313 681 6,129 | 9,129 
459 310 708 | 6,299 | 8,973 


2.25 4-50 
2.50 6.00 
2.15 5-25 
1.45 5-10 
2.25 5.50 
1.50 4-50 
1.50 3-40 
1.45 3-45 
1.35 3.20 
1.45 3-40 
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TABLE II. 
CLINKER CONTAINING 30 PER CENT. SLAG AND 3 PER CENT. GYPSUM. 
(+ Indicates sound, — Unsound, and cr. Slightly Crumbled.) 


Tensile Strength Crushing Strength 

Per Setting Time. (Ib. per sq. in.). (Ib. per sq. in.). 
cent. |— ——J| Priissing | Boiling — “ —_—_—— 

Free Test. Test. 28 Days 28 Days 
Lime. Initial. Final. q Com- Com- 
’ bined 7 Days. bined 

hrs. mins.|hrs. mins. Storage. Storage. 
4-15 6.50 533 677 6,171 | 8,831 

3-50 | 6.30 536 714 | 6,413 | 9,783 

3.25 6.35 468 825 6,129 | 9,485 

3.00 6.00 442 818 5,489 | 8,703 

3-15 6.30 424 762 6,712 | 8,546 

3.20 6.25 436 768 6,299 | 8,475 

3.05 6.10 452 674 6,214 | 8,546 

3.20 6.10 418 762 6,811 | 9,655 

2.40 | 5.35 385 717 | 6,484 | 8,760 
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The results showed that there is a close relationship between free lime content 
soundness, and strength—particularly tensile strength. This is not surprising, 


since it is already known that lime expansion is a function of free lime in cement 
The effect of free lime on tensile strength is closely connected with this function 
FREE LIME 


ANDO TENSILE STRENGTH 
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Fig. 3. 
(see Fig. 1 and Tables I and IT) 


increasing free lime is striking (Fig. 1) 


The increase in the 1-day tensile strength with 
ig. 1). The tensile strength at 2, 3, 7 and 28 
days, on the other hand, falls considerably as free lime increases 


Grinding 
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with 30 per cent. granulated slag to some extent improves the tensile strength 
of the cement, but with more than 2.5 per cent. free lime there is a fall, which, 
however, is less than without slag (Table II and Fig. 2). 


The results further show that even clinker whose total CaO content is much 
below the theoretical limit, prepared and burnt under the best conditions and 
containing considerable fluxing constituents, contains small amounts of free 
lime (Table III and Fig. 3). This is, however, of no practical importance, since 
cement containing 2 per cent. free lime passes the standard soundness tests. Free 
jime plays an important part in the swelling and shrinkage of cement. 


The florescence of the various cements was investigated by means of the 
Priissing compressed pat test, the high porosity of these pats making them suitable 
for the purpose. It appeared probable that florescence—attributed to the lime 
set free on hydration—would increase with free lime content, but the opposite 
was found to be the case. Florescence occurred to a much less extent with 
clinker ground with granulated slag. 

A study was next made of the relation between lime modulus (L.M.) or lime 
saturation factor (L.S.F.) and free lime content. The free lime increased, as 
would be expected, with increase of L.M., but the relation was not linear (Fig. 3 
and Table III). : 


TABLE III. 


CHEMICAL COMPOSITION, FREE LIME AND “ OPENING UP” Factor OF WoRKS 
CLINKERS. 


Lime 
Saturation 
Clinker Residue Silicate Iron or Hydraulic Lime Factor 

No. Insol. in Mod. | Iron + Mod. Modulus > (Combined 
HCl. Manganese (total CaO). Lime) or 
Mod. “ Opening up” 
Per cent. Factor. 


| 


0.10 ; 1.46 2.07 2.78 
0.12 ; 1.71 2.13 2.85 
0.12 3 1.73 2.11 2.86 
0.06 1.36 2.14 2.89 
0.06 - 1.31 2.10 2.91 
0.12 ‘ 5 RGE 2.18 2.96 
0.16 é 1.58 2.20 2.99 
0.08 ! 1.53 2.22 3.07 
0.10 d 1.24 2.29 3-17 
0.12 y 1.53 2.27 3.17 
0.08 ‘ 1.52 2.32 3:19 


94 
93 
95 
95 
96 
95 
97 
97 
98 
96 
97 
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It is obvious that with different conditions of burning, clinkers with the same 
L.M. will have different free lime contents ; a clinker of L.M. 2.92 contained 
0.30 per cent. free lime, and a clinker of L.M. 2.57 contained 1.7 per cent. Thus 
the degree to which the raw materials are opened up is different in the two cases. 
The authors express the extent to which the raw materials are opened up, or the 
degree of saturation of the acid constituents of the clinker, by replacing, in the 
L.M. or L.S.F., the total lime by the total lime less the free lime (i.e., by the 
combined lime). This gives the following formula for the L.M. of Guttmann 
and Gille. 
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Al,O; = 0.64(Fe,0, + Mn,O;) per cent. 
1.07CaO (combined) — [0.38(Fe,0, + Mn,O,) + 1.76Al1,0, + o. 75803] <3 
Sid, 

The Kihl L.S.F. is modified to correspond with Guttmann and Gille’s views 

of the constitution of clinker, and becomes 
100 CaO (combined) 
2.850, + 1.65A1,0, + 0.35(Fe,0, + Mn,0,) + 0.70 SO, <7” 

This modified L.S.F. may be termed the “‘ opening up” factor. This factor 
is of great practical importance, since those clinkers are technically the best 
which, with a small free CaO content, most nearly approach in chemical com- 
position the theoretical limiting values (L.M. = 3 and L.S.F. = 100 for com- 
bined lime). Table III gives the ‘‘ opening up” factor for a number of works 
clinkers of varying L.M. A high content of fluxing compounds increases the 
opening up of the raw materials, and for this reason the silica and iron moduli 
are given in Table III. The percentage insoluble in HCl is also given, since 
this is often believed to be an absolute measure of the ‘‘ opening up” of the 
raw materials. The present results show, however, that the insoluble residue 
is of doubtful value ui this respect. 

[These notes are from a recef number of Zement.) 
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Cement Silo Extractor. 


THE machine illustrated, known as the “ Stag Silextractor,” has been developed 
for extracting cement and other powdered or granular substances from silos 
or other containers in which these materials are stored, and filling them into 
bags. The machine shown in the illustrations*is suitable for dealing with the 
output of a cement plant of moderate size, and will extract and pack cement at 
the rate of 7 to 9 tons per hour. 

The construction and operation of the packer is shown in Fig. 1. It consists 
of a cylindrical conveyor tube, carried out of the bottom or side of a silo in which 
the material is stored, containing a conveyor worm by means of which material is 
extracted and conveyed along the tube. The outer end is provided on the under- 
side with an opening leading into the inner end of a second conveyor tube of 
smaller diameter disposed below the main tube. This secondary conveyor tube 
extends beyond the main tube, and the diameter at its outer end is gradually 


FEED NOZZLE 


ferns mo Ne abi 


—4 
WEIGHING MACHINE 


reduced to form a spout adapted to deliver the material into bags. The packer 
is arranged so that the bags rest onthe platform of a weighing machine during the 
filling process in order that the required weight of material may be delivered into 
the bag. The secondary conveyor tube is similar to the main conveyor tube 
in that it lies in a horizontal position, and is fitted with a conveyor worm, the shaft 
of which is carried out through a bearing at the end. As the diameter of the 
secondary conveyor tube is much less than that of the main conveyor tube, it 
is necessary to drive the worm in the former at a higher speed than that in the 
latter. The gearing is arranged to drive the worm in the secondary conveyor 
tube at such a speed relatively to the worm in the main conveyor tube that both 
are adapted to deal with the same amount of material, and as both tubes are hori- 
zontal the delivery is cut off immediately the conveyor worms cease rotating. 

The lever for controlling the clutch in connection with the pulley on the main 
driving shaft is near the delivery end of the secondary conveyor tube, so that the 
attendant can cut off the supply as soon as the required weight of material is 
delivered into the bag fitted on to the spout, and can start it again as soon as the 
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full bag has been replaced by an empty one. Fig. 2 shows a “ Silextractor ”’ 
in operation at a cement works. 

The chief advantages claimed for the machine are (1) simplicity and accessibil- 
ity ; (2) inexpensive, and can be operated by unskilled labour ; (3) can be easily 


fitted to existing silos of different forms; (4) power consumption is very low 


F 
a 
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7 
at 


Fig. 2. 


for the output which can be handled ; (5) bags can be filled with the correct weight 
of material, or with only a small percentage of error, so that check weighing of the 
filled bags is unnecessary ; (6) very little dust is present during the packing 
operation, so that the operators can work in an atmosphere almost free from dust, 
and dust-collecting plant is unnecessary. The machine is supplied by Messrs. 
Edgar Allen and Co., Ltd., of Sheffield. 


Bundi Portland Cement, Ltd. 


Bundi Portland Cement, Ltd., has declared a dividend of 12} per cent. for 
the year 1932, the same as for the past three years. The net profit was Rs.4,90,474 
(£36,750), compared with Rs. 7,97,624 (£59,800) for 1930, and Rs. 7,76,424 
(£58,000) for 1929. Cement deliveries during I93I were 15 per cent. below 
deliveries during 1930. 
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Notes from Abroad. 


The Cement Trade in Turkey. 

At the general meeting of Société Anonyme des Fabrique Réunies de Ciment 
et de Chaux Hydraulique Arslan et Eski-Hissar, it was stated that the factory 
at Eski-Hissar had only been operated for three months during the year, that 
at Arslan for six months, and that at Zeytin-Bournou for eight months. The 
cause is attributed to the world crisis and to the competition of foreign cement 
on the Turkish market. In order to remedy this, the Government has com- 
pletely prohibited the import of foreign cement, but the effects of this measure, 
taken in November, 1931, have not yet been felt. As the capacity of the 
Turkish factories is sufficient to meet the needs of the country, it is hoped that 
this prohibition will be maintained. The net profit of the Company for the 
year 193I amounted to Ltq. 37,939 (£34,150), against Ltq. 412,262 (£371,000) 
in 1930. A dividend of Pts. 30 per share was declared. 


French Cement Companies’ Dividends. 
A profit of 285,997 francs (£2,300) is reported for the year 1931 by Ciments 
de Metz, S.A., compared with 564,461 francs for 1930. 
Soc. Financiére des Ciments et de l'Industrie reports a loss of 11,461,774 
francs for the past year. 
S.A. des Ciments Portland de Lorraine reports a net profit of 774,236 francs 
for the year 1931, against 1,019,084 francs in 1930. The output of cement 


increased from 100,000 tons in 1930 to 120,000 tons in 1931. 

The accounts of S.A. Soc. des Chaux et Ciments de Languedoc show a net 
profit of 2,035,005 francs for the year 1931, and a dividend of 6 per cent. has 
been declared. For 1930 the profit was 2,014,520 francs and the dividend 
7.75 francs. Cement deliveries increased from 146,100 tons to 160,260 tons. 

Soc. Thionvilloise des Ciments made a net profit of 2,506,726 francs in 1931, 
and a dividend of 14 per cent. has been declared. For 1930 the profit was 
4,213,158 francs and the dividend 24 per cent. 

United States Cement Companies’ Reports. 

The International Cement Corporation reports a net loss of 409,713 dollars 
for the quarter ended March 31 last, compared with a net profit of 410,909 dollars 
for the same period last year. 

For the year 1931 the Petoskey Portland Cement Co., of Michigan, showed 
a loss of 252,761 dollars, against a profit of 105,873 dollars for 1930. 

The North American Cement Corporation reports a loss of 570,302 dollars 
for the year ended March 31, 1932, compared with a loss of 496,520 dollars for 
the previous year. 

A loss of 58,401 dollars is reported by the Signal Mountain Portland Cement Co., 
of Tennessee, compared with a loss of 57,665 dollars for the preceding year. 

The Copley Cement Manufacturing Co., of Pennsylvania, showed a loss of 
264,435 dollars for 1931, against a loss of 105,024 dollars for the previous year. 
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Trade Notices. 


“‘Aeroto”’ Fans.—An interesting development is foreshadowed by the 
announcement that Messrs. Davidson & Co., Ltd., of Sirocco Engineering Works, 
Belfast, the well-known makers of “ Sirocco’ fans, by acquiring the fan patents 
and trade mark rights of Aeroto, Ltd., have secured the manufacturing rights 
for ‘‘ Aeroto”’ high-efficiency streamline screw-type fans. Messrs. Davidson 
were pioneers in the development of multi-bladed centrifugal cased-type fans, 
and the Company, which has over fifty years’ experience, is thus well placed to 
develop the design and application of ‘“‘ Aeroto”’ installations. The ‘‘ Aeroto ”’ 
fan, although only recently introduced, has already achieved some measure of 
prominence. The high efficiency of which it is capable over a wide range of 
duties, together with its flexibility and compactness of design, light weight, and 
reversibility, are factors which make it well suited to many applications. It has 
already been widely employed for various duties on shipboard and for a variety 
of industrial uses. 

Pumping Plant.—The Godalming Corporation has placed a contract with 
Messrs. Ruston & Hornsby, Ltd., Lincoln, for waterworks pumping plant to be 
installed at the Borough Road pumping station. The main unit comprises a 
three-cylinder Ruston vertical fuel-oil engine driving three centrifugal pumps. 
A feature of interest is the arrangement whereby six alternative pumping duties 
are possible to suit particular local conditions. Auxiliary pumping and electric 
plants are included. The pumps will be manufactured by Messrs. Mather & 
Platt, Ltd. The works are being executed under the supervision of Mr. Ernest G. 
Bowyer, M.I.M.E., M.Inst.W.E., Corporation Water Engineer and Manager. 
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